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FOREWORD

In connection with its responmibilities for meintaining navigable
waterways and flood control reservoirs, the Corps of Enginesrs has &
need for determining quickly and economically the amounts of solid mater=
ials in sedimentary deposita, A project for development of an in-placge
pediment density gape was funded under the Civil Works Investigation Pro=
gram of the Office, Chief of Engineers; this project (CW 176) was sssigned
to the staff of the Beach Erosion Board in July 1956,

During the later stages of making the decisions relative to the possi-
bls and desired acouracy and characteristics of the probe, the staff of the
Beach Erosion Board requested the assistance of the staff of the Ohio River
Mvision Laboratories of the U, 5., Army Corps of Engineers in negotiating
toward the selection of a contractor to undertake this development and in
sdministering the contract, Mr, Paul F, Carlton was assigned by the Laborae
tories to assist the Board's staff in this matier and worked closely with
the staff until delivery of the probe by the contractor in Jamuary 1958,
Techrical Operations, Inc, of Burlington, Massachusetts was selected as
contractor to develop the probe, Dr, Marvin G, Schorr was the Froject
Sppervisor for the contractor and Dr, I, L, Kofsky, the Project Sclentist,
The contractor investigatead numerous possibilitiss of isotopes, probe
sizes and geometric arrangements, dstector, and preamplifier designs, The
detailed analysis by the contractor is contained in the report, "Final
Report on Development of Sediment Density Probe,” by Dr, I, L, Kofsky,
dated March 1958 (Report No, TOI 58-5), Copiles of this final report are
availabls on loan from the library of the Beach Erosion Board, Ths present
report gives the details of labaratory and field tests of the probe, as
well as a summzary of the developrent work,

This report was prepared by Joseph M, Caldwell, Chief of the Research
Division of the Beach Erosion Board, Several members of the staff of the
Beach Erosion Board assisted the author in this development, Specific credit
should be given to Mr, Leo C, Williams and Mr, Cyrus M, Hare, both Eleciron=-
ic Engineers, for their work in calibrating the zage, to Mr. Culbertscn W,
Noss, Hydraulic Engineer, for assisting in the calculation of mass absorpe
tion coefficients, to Mr, Norman E. Taney, Geologist, for assistance in
determining the physical and chemical characteriastics of the materials used
in the calibration tests, and to Mr, Francis W, Kellum, Electronic Techni-
cian who trained field personnel and assisted in nearly all field tests to
dste, At the time of complstion of the report Major General W. K, Wilson,
Jr, waa President of the Board; R, 0, Eaton was Chief Technical Advisor,

The report was edited for publication by A, C. Rayner, Chlef of the Project
Devalopment Division,

Views and conclusions expressed in this report are not necessarily
those of the Beach Erosion Board,

This report is published under authority of Public Law 166, T9th
Congress, approved July 31, 1545,
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DEVELOPMENT AND TESTS
oF A
RADIOACTIVE SEDIMENT DENSITY PROBE

By

dogeph M, Caldwell
Chief, Research Division
Beach Erosion Board

INTRODUCTION

The shoaling of navigable waterways and the filling of reservoirs
bysedimentary material result in costly saintenance in the first case
and loss of storage capacity in the second case, In attempting to
overcoms the problems presented by these deposiis, the engineer is
handicapped by the lack of a suitable means for determining, quickly
and economically, the actual smouwnt of solid material in the sheal,

The shoals may be wery thin fluid mixtures with specific gravi=
tles of lesa than 1.1 or may be relatively dense mixtures with specif=
ic gravities of 1.5 or more, In either case, the leadlines and the
echo sounder can at best glve only a very qualitative estimate of the
denaity of the shoal material under observation, The mechanical samp=
ling devicesa currently used to obtain undisturbed samples are rather
expenaive to operate and the analysis of the resulting samples is
rather tedious and expensive; also, there is some doubt that many of
the samplars in use obtain a truly representative sampla of the shoal
material,

In view of the desirability of improving the methods of studying
underwater deposlits, the poasibilities of developing a suitable device
were reviewed, This review indicated that no device along the lines
contemplated had been developed, but that a practical deviece could
probably be developed at a reasonabla cost, The purpose of the approve
ed project was to develop, for field use, a density probe utilizing nu-
clear radiation which would measure the density, in place, of uncon-
solidated marine sediments of the type normally encountered in navie=
gation channela and reservoirs,

DESION CRITERIA

Contemplated Operating Conditions, The initial step under the proj-
act was the eatablishment wilh some definitude the field conditions
under which the probe would be expected to function, the degree of
acouracy necassary, and the method of aciually carrying out the devel-
opment, The field conditions under which the probe would be expected
to function were discussed with engineers experienced in navigation




channel maintenance and in reserveir operations, Also, the literature
bearing on this subject was studied, From these discussions and studies
a rough classification of shoal deposits into three types was made as
follows:

Thin Shoal Sof't Shoal Hard Shoal

Specific gravity of
mixture 1,00 to 1,03 1,02 to 1.35 1.3 to 2.2

Weight of mixture (pounds
per cu. ft,) A2, to Gy & to Bk 81 to 138

Pounds of soil solids par cu,
ft. of mixture 0 to 2 1.5 to 35 30 to 120

These ranges are somewhat arbitrary and are purposely sei up to show some
overlapping, The figures refer to shoals in fresh water; the figures
would, of course, be slightly different for shoals in salt water,

The concensus of the ergineers with whom the matter was discussed was
that the shoals of greatest interest were those lying in the classificab~
ion of "soft"shoals as indicated above, The "thin" shoals are, almost in-
variably, very ligquid in character and offer lititle resistance to naviga~
tion; they are therefore of secondary interest, The "hard" shoals would
seldom be found in an established navigation channel, except as sand shoals,
as the silt and clays deposits would penerally not be permitted to solidi=
fy to this degree hefore being dredeed, As a result, it was declded to
concentrate on the development of a suitable probe to cover shoals with
aspecific gravities between 1,02 and 1.35.

The decision to develop a probe for "soft™ shoals simplified the de=
sign, For one thing, an attempt to work in the thin shoal range would
have required a very high degree of discrimination to detect significant
changes between specific gravities over the 1,00 to 1,03 rangs, For an-
other thing, an attempt to work in the hard shoal range would have necessi-
tated the development of a very rugged probe which could be hammered down
into the shoal,

The discussion referred to sbove led also to a decision to consider
75 feet as the maximum depth in which the probe would be expected to work
and to require that the probe be remote indicating, This latter require-
ment was designed to permit the density of a shoal to be measured without
withdrawing the probe; instead, the probe would detect the density and
furnish the signal to an indicator or recorder on the survey boat at the
surface, Thus, the stratification of a shoal could be measured by taking

a series of readings while pushing the probe farther and farther into the
shoal,

Further requirements were decided upon, some structwrsl and
soms slectrical, These requirements are summarised in Appendix A, which



ims taken from the contract under which the probe was developed,

Degired Accuracy, The potentisl accuracy of the probe could not be com=
pletely E'Eteﬂd before its desvelopment; however, it appeared desirable

to set at least a winlwm sccuracy gozl, Az previously indicated the anti-
cipated sediment content range for the probe was from 1,5 bto 35 pounds of
soil solids content per cuble foot of mixture, A determination to within
one pound of the soll molids content over this range was decided upon as

a reasonable requirement, This would, in effect, require the detecting
and indicating components of the probe, acting together, to give a reliatle
datermination to somewhere within 1.2 to 1,5 percent of the actual mass
density of the shoal mixture,

As several factors not susceptible to prior evaluation were recognized
as affecting the accuracy of the probe, the development contractor was not
required to attain this degree of accuracy, but to utilize "his bhest effort
to meet or excesd” these minimim operating characteristics ,

PROEE DEVELOPMENT

In carrying forward the development, the contractor made an analyti-
cal study of the available possibilities, These analytical studies,
which included lsboratory tests, were made 10 enable a decision to be made
az to, among other things, the following:

a, The identity and guantity of the isotope to be used,

b, The method of detecting the radicactivity passing
through the soil mass, i,e. whether by Ceiger-Muller
tubes or by scintillation counters,

e, The use of a reflection or an absorption technique,
i.e, whether or not the single-pointed probe or a
double-pointed probe (one point with the isotope
and one with the detector) would be used,

ds The materials to be used in the probe and the physic-
al dimensions and positions of the component parts
of the probe,

The conlract did net include the development of a scaler to totalize
the number of impulsea destoected by the probe, 4 secalsr suitable for this
purpose had already been developed for the Ohio River Division Labaratorias
of the Corps of Enpineers by the Nuclear=Chinago Corporation in connection
with s0il meisture studies, The contractor for the probe waa required to
devalop a signal from the probe which would operate this previcusly developed
scaler, This instrument, the Model 26800 Portable Scalsr, has the following
characteristics:
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Moss Density ———

FIGURE |. THEORETICAL RESPONSE CURVE
OF DENSITY PROBE



Totalises to 1,000,000 counts

Adrplane-type wet-cell batteries not subject to
spillage or leakage

Operates from the internal batteriea or from external
é~volt D, C, or 110-volt A, C, source

Supplies 1075-volt D, C, voltage for charging the
counter tubes in the probe

The scaler indicates visually the total impulses counted over a meas~
ured time interval, The cperator records the count from the visual counter
t“‘bﬂﬂq

Arrancement of Prebe, The gontractor's stndy led to the decision to davelop
a a%%e—poi'ﬂﬁa probe rather than a double-pointed one, Under this arrange-

ment, the radicactive source would be placed near the tip of the probe with
the detectors some 7 inches above it in the barrel of the probe, The inter-
vening 7 inches would be filled with a lead plug to shield the detector from
the direct rays of the radiocactive source,

Thus the rays lsaving the source first would enter the mediwm surrounds
ing the probe where some would be absorbed amd some reflected, Part of the
refleacted rays would find their way te the detectora above the lsad plug.
The greater the reflscting properties of the medium, the greater would tend
to be the number of rays reflscted toward the detectors, Conversely, the
greater the absorbing properties of the medium, the fewer the rays that
actually would reach the detectors, Thus, air would tend to give a low
count becanse wery few rays would be reflected toward the detectors and
lead would give a very low count, most of the rays - even when reflected =
being sbasorbed before they would reach the detectors. Actually, materials
intermediate in property btetween air and lead could be expected to give
a greater count than either of the two. This relationship is i11lustrated
on Figure 1 which shows that for a given arrangement some particular matere
ial would turn the most rays to the detectors,

It can also be sesn from Figure 1 that it appears possible to develop
a probe which would work on the rising side of the curve, i.e, mud at 1.05
specific gravity would give less count than mud at 1,40 specific gravity,
On the other hand, it appears possible to work on the descending side of
the curve where the count would decrease as the density increased, The con=-
tractor decided to work on the descending side of the curve and dewveloped
the probe accordingly, Thus, in the probe as constructed a higher count
is obtained in pure water than in mud,

Choice of Radioactive Source, The density of the shoal materials to be
studied with the probe quickly indicated that a gamma~ray source of radio=
activity would be necessary, Alpha-ray and beta-ray sources would be un=



gultable due to their low penetrating power, the alpha rays being stopped
almost completaly by a sheet of paper and the beta rays by 1 or 2 centi=
meters of water, Oamma rays, on the other hand, can penstrate from cne
to several feet of waler depending on the energy of the raya,

The source selection was thus influenced by the desire to keep the
radioactivity low to minimize danger to personnel handling the probe, but
high enough to insure sufficient penetration fo give a significant count
by the scaler, Radicactivity is not an even flow of energy but rather
comes in burats of high activity followed by periods of low activity,

It has been determined that the statistical probable srror varies as the
square root of the actual count, The importance of this concept is shown
by the following tabulation:

Probgble Error
Probable Error in ¥ of Total
Total Count in Count Count
10 3.17 11,7
100 10g 10,0
1,000 31.7 3.17
10,000 100 1,00
100,000 317 0.32
1,000,000 1,000 0.1

This tabulation shows that some compromise is usually necessary be-
tween the desirability of keeping the dangerous activity low and the do=
girahility of obtaining a high count for accuracy in a reasonabls time
interval, (The effact of the total count on the probable accuracy of the
probe as deliverea and tested is shown on Figure bL,)

The energy level, usnally expressed in million electron voltas (MEV),
of the gpamma-ray emitter is also of importance, Gamma rays are dissipated
by matter by a number of different processes, These processes are somewhat
related to the mass density of the material, however for gamma rays be=
tween about 0,1 and 1.0 MEV the dissipation of the gamma rays is signifi-
cantly related to the mass density of the medium, For this reason, it
wag desirable fo select 3 gamma-ray emitter which had an energy level in
the range mentioned, After studying the isotopes commercially available,
the contractor selascted radium 226 as the pamma-ray source, Radium 226
has a gamma radiation at 0,19 MEV, which is in the energy range desired,

Tt also has the added advantage of a half-life of 1590 years, which means
that no correction has fto be applied to the device from month to month due
te decay of the energy source, Other isotopes are available in the de-
gired energy range, however, for the most part they have a short half-life
(usually days, weeks, or months) which would necessitate continusl correcte
ion to the calibration of the probe,

The contractor tested various probe arrangements in pure water and
in a meta=zodium silicate (water glass) solution at a specific gravity
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of about 1,4, This range approximated the range of specific gravitias
given in the design specifications, These tests indicated that a 3=
millicurie source of radium 226 would give approximately 18,000 counts
per minute in water and 13,000 counts per minute in the water glass solu=
tion, Thia leval of activity was selected as a compromiss batween a
safer level but lower sccuracy at a l-millicurie level and a greater
accuracy but more danger at a 10-millicurie lavel.

Probe Dimensions, Testa by the contractor indicated that a separation of
about ¢ inches befween the radioactive source and the counters gave op~
timom results in termz of accuracy in discrimination bebtwesn different
dengities, The intervening 8einch section in the probe barrel was filled
with a l-inch plastic spacer, a &-inch lead plug, and a second l=inch plase
tic spacer, Figurss 2 and 3 show schematic layouts and photographs ree
spectively of the probe, including the original model delivered by the con-
tractor and the recased later model,

The affect of the diameter of the probe on its operating character=
istice was also investigated, The contractor bad been limited to a maxi=
mum digmeter of 3 inches in the specifications, The contractor's tests
showed that the probe action waa relatively indepsndent of probe diameter
up to a diameter of sbout 1-1/i inchea with the sensitivity gradually de=
creasing as the diamater becomes greater, The probe, as constructed, has
a diameter of 1-1/2 inches,

The wall thickness and wall composition of the barrel of the probe
also affect 1ts sensitivity, Walls of paper-based Bakelite, of brass, and
of stainless steel were tested, These tests led to the selection of 0,065«
inch stainless steel barrel, or case, for the probe as being the best com=
promise between the requirements of high physical strength and low absorp-
tion of the ramma rays. The case is rounded at the bottom Lo enable the
probe to penetrate the bottom sedimenta, The bottom 2 inches or 3o of the
probe (below the radium source) is filled with a lead plug to give it ad~
ditional strength and to minimize the escape of gamma rays in that directe
ion,

Detectors, The gamma rays backscattered to the probe by the surrounding
medium can be detected either by GCeiper~Muller counters or by seintillation
counters, The ruggedness and simplicity of the Geiger-Muller tubea recomm=
ended their use instead of the more sensitiwve scintillation counter, The
final arrangement involved uzing a cluster of three GOeiper<Muller Counters
(Type Anton 309), These are thin-walled halopen=filled tubes of small diam~
eters (5/8 inch) operating at about 1,000 volts. These halogen-filled
counters have the advantage of a virtually unlimited 1life over other types
of Geiger-Huller counters which lose sensitively with use, The use of
three tubes in a cluster instead of one tube increases the count detected
by the probe and thereby the accuracy. The operating voltage reounired by
the counters is imposed by a source built into the scaler mentionsd prev-
iowly,.



Preamplification, To insure proper operation of the scaler, it is nee-
assary to amplify the counter signals from the Celper~-Muller tubes befare
sending the signals through the 75 feet of cable to the scaler, To meet
this need, the contractor designed and ingtalled in the prcbe a amall,
transistorized, battery-powered preamplifier, This presmplifier ia of

the cathode~follower type and incorporates a 1,3-volt mercury-cell battery,
The drain on the battery ia anly 70 microamperes and the battery can bea ex-
pected to last its full shelf life of 2 to 3 years before replaecement 12
nacassary .

Electrical Oonnection, The signal from the probe to the scaler is trans-
mited by 75 feet of rubber-covered coaxisl cable, The cable enters the
probe through a water-tight comnection, Although a 75=foot length of
cable is provided as being sufficisnt for immediate needs, the preampli-
fier described above permits a cable up to 200 feet in length to be used
between tha probe and the scaler without notlceably affecting the calibrae
tion,

Mechanical Connections, A1l the components of the probe are mounted on a
Trame or chassis which alips into the stainless steel cesings This casing
or jacket separates the components from the suwrrounding medium, In the
original model the chassis and the jacket were enlarged to 2-1/2 inches in
diameter at the top where provision is made for joining the chassis to the
jacket by recessed screws and sealing the comnection with a rubber O-ring,
The seal was tested for watertightness under a water pressurs of 45 pounds
per square inch (110 feet of water) and proven satisfactory, This enlarged
top also provided two eyelets for suspending the probe from a cabls and a
set of 2-1/2-inch x 8 standard pipe threads to enable & rigld red or pole
to be connected to the probe,

Operating Instructions, The instructiona pertaining to safety precautions
necessary in the usa and handling of the gage are included as Appemdix B

to this report, As stated previously, the contractor made only limdted
tests on the probe in the sense that he used only pure water and water glass
at a specific gravity of 1.k, The testing of the probe over a wide range
of conditions, first in the laboratory and then in the field, may of

course, hring about some modification to these operating instructions,

LABORATORY TESTS

Upon delivery of the probe by ths contractor in January 1958, a ra=
ther comprehensive set of tests was undertaken in the laboratory of the
Beach Erosion Board preparatory to the use of the probe in the field,

The calibration of the gage with various muds and bulk chemicals was un=
dertaken, Also, the effacts of temperature, degree of submersion, proxim-
ity of walls, and the volume of the surrounding mass were investigataed,
These tests and results thereof are discussed in the following paragraphs.



Bagiec Calibration, The basic calibration point was considered to be the
gount obtained with the probe placed in an infinite mass of fresh water
at ordinary working ratures, Theoretical considerations indicated
that an available 30 x hO-foot rectangular sump filled to a depth of 10
feet with fresh water was more than adequate to represent this "infinite®
mags of water, The probe was then placed at the geomebric center of the
sump with its lower tip submerged to a depth of © feet below the water
surface, Once in this position, a series of counts were taken on the
scaler, The counts were taken ower 1, 5 and 10-minute intervals with most
emphasis being on the 5 and 10-minute counts for reasons given previously,
The actual countg are shown on Table 1, These resulis of this series of
counta indicated that the calibration, or average count of the probe in an
infinite medium of fresh watar waz approximately 18,250 counts per minute.

TABIE 1

CALTBRATION OF PROEE IN
LARGE MABS OF FRESH WATER

Water Count time Counts
tamperature M EE__%
37%F 5 18349
17% 5 18345
17%F 5 18325
36°%F 10 18216
35°F 10 15240
T TB876(Weighted Average)

Note:

Sump was 30 x L0 feet in plan and filled to a depth of 10 fest,
Bottom of probe was 5.0 feet below water surface,
Prebe voltage = 1080 volts,

Effect of Submergence, The bagic count being established, a test was made
wherein the probe was withdrawn from the sump in inerements to establish
the effect of the degree of submersion on the calibration, The resulta of
this test are shown in Table 2, This table indicates that as long as the
red dot markers are 0,5 foot or more below the surface, the commt is rela-
tively inaffected by the degree of submersion, It was indicated further
that a withdrawal of the probe to the red dots (which are reference marks

I



18-3/4 inches above the rounded bottom tip of the probe) resulted in a
decreassin count of about 190 counts per minute., The effect of any
further withdrawal was, however, very pronounced, For practical conaid-
erations, almost all subsequent laboratory calibrations were made with
the probe submerged to the level of the red dots,

TABIE 2

EFFECT (F SUBMERGENCE ON
CALYBRATION OF PROEBE

Submergence Counts
of red dots pexr
3N Tesb, mimte
k.6 182li6
a9 18307
1.0 18250
0.5 18203
0,0 17963
+0.25 16856
+0,50 13654
+1,00 118
0.0 18156

(Average of the two 0,0 red dot readings = 18060. cpm)
Nota:

Probe was in center of a sump which was 30 x L0 feet in plan and filled
with fresh water to z depth of 10 feat,

Red dota on probe barrel are 18-3/h inches from rounded bottom tip of
probe,

411 readings were taken between 5:30 and 11:30 am on 23 Jan, 1958, Se=-
quence of readings was as shown « A1 count times were 10 min=
utes each, Water temperature was 35 F.

Flus (+) signa 90 first column indicate elevation of red dots above water
gurface,

Effect of Proximity of Walla, The effect of the proximity of a concrete
retaining wall on the probe reading was determined in the same sump used
for the calibration teats, The walls and floor of this sump are of B+ineh
reinforced concrete, The results obtained by placing the probe at various
locations therein are shown in tatle 3, These tests indicate that the probe




could be placed within 8 inches of the reinforced concrete side wall with-
out being noticeably affacted by the presence of the wall, Even at lL-inch-
ez the count was reduced onlv some 155 counts per minute from the count in
the middle of the sump,

TARLE 3

EFFECT ON FROEE OF PROXIMITY
OF CONCRETE WALLS

Sutmergence Probe location Counts
of probe in sump per_minute
Red dots 15,0 T, from side wall 18171

"o 15,0 ft. from side wall 18140
noom 1,0 fi. from side wall 18088
oo 0,66 ft, from side wall 18138

o n 0,33 6, from side wall 15000
o apainst side wall 16629
A 1.0 ft, from corner 18234
woon 0,66ft, from corner 18212

= R 0,33 &, from comer 18290
about ¢ ft, In center of sump with tip 18322
on bottem of sump 1836,

about 8.5 ft, In ecenter of sump with 18193

tip 6" off bottom

Note:

411 readings taken 25 February 1958 with water at 3§°F.
A3 count times were 10 minutes each,
Walls and floor of sump are reinforced concrete 8 inches thick,
Red dots are on barrel 18-3/L inches from rounded
bottom tip of probe,

The last three readings in Table 3 indicate that the proximity of the
sump to the bottom tip of the probe has little effect on the reading, In
fact, the count showed higher than with submergence to the red dots on the
surface and more nearly agreed with the Mnfinite" medium tests shewm on
table 1.

Effect of Temperature, Within a few days after receiving the probe from
the contractor a few observations were made which indicated that the probe
had pood temperature stability characteristics, However, in making a sub=
sequent series of teats, a set of erratic readings was obtained. A study
of the erratic data indicated that a temperature effect was present, and
a quick set of tests with this in mind werified this to be the case. The
test consisted of allowing the gage to reach the ambient air temperature of

13



56 degrees F and then submerging it completely in the test sump with water
at 35 degress F, Readings were begun immediately on the scaler, The count
wag found to be as follows for succesgslve l-minute intervals:

1=minute 1=minute

interval Ccount interval count
1 14063 9 15632
2 1177 10 15727
3 18l 11 15947
L 1h661 12 16523
g L6686, 13 17723
& 15063 1 18247
7 15342 15 18285
] 15543

The readings indicate that the temperature effect was noticeable only
when the wvariocus partz of the probe were actively adjusting to a new teme
perature. Evidently within 15 minutaes the probe had reached temperature
uniformity within the gage as the reading over the 1lith and 15th minutes
approximated the readings obtained in the previous "infinite™ medium read-
ings shown on Table 1, There was no noticeable change after the 15th mine
ute,

Shortly before the detection of the erratic results discussed in the
preceding paragraph a defective permanium transiater in the preamplifier
in the probe had been replaced by a germanium transistor of identical size
and manufacture, It was considered probable that this replacement transiste
or had introduced the temperature effect; it was accordingly replaced, but
this time with a silicone transistor which purportedly was not temperature
sensitive, The probe was then tasted by submerging it alternately in two
identical wooden barrels, one with water at lil deprees F and ene with water
at €5 degrees F, all other conditions of testing remaining the same, The
probe was first placed in the hl-degree water and left there for 1 hour, Suce
cessive counts were as follows:

Interval Counts per
(minutes) —minute
0 =10 18177
10 - 20 18285
20 = 30 18147
30 = L0 18153
Lo - 50 18098
50 = &0 18142

Average 18170



The probe was then nuiekly transferred to the 65-degree water and
the following readings at l-minuite intervals over the first 310 minutas
were obtained:

J=minuta l-minute I=-minuta

interval Count interval Count interval Count
1 15346 11 18357 21 18257
2 182L1 1z 18088 22 18186
3 18197 13 18200 23 18278
h 18199 i 18187 2l 18343
5 18145 15 18025 25 1823
6 18225 16 18116 26 1621,
T 18063 17 18108 27 18158
8 15168 18 17935 28 18186
2 15160 19 18002 29 1Bo82

10 18425 20 18520 30 18266
Av, T=10 min,. Y8217 Av, 13=20 min, 15153 Av. 27-30 min, 102721

A review of the above results indicates no identifiable temperature
effect, all variations being within the statistical variation which could
be expected, This was true even for the rirst 3 or I minutes when the in-
ternal terperature gradient within the probe was the greatast,

TARIE L

EFFECT OF FHEAMPLIFIER VOLTAGE
ON PROEE SENSITTVITY

Counts Changa in sensitivity
Voltage per minuie gounts par minute per voll
1020 17,862 x
1040 17,957
FeS
1060 18,127
1.5
1080 18,216
h,2
1100 14,300 _
fog 9
1120 18,438

Uverall sensibivity Sef
Note:
Prebe was submerged fa geometric center of a 30 x LO-foot sump

Pilled with watar to a depth of 10 Feat,
A1l count times were 10 minutes each,
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Effect of Amplifier Voltage, Manufacturer instructions called for a volt-
are of 1080 volts on tne preamplifier in the probe, This voltape is sups
plied by a powsr-pack build inte the scalers It was of interest to deter=
minea the sensitivity of the probe to this impressed wvoltage. A4 test was
made in which the woltage was varied in 20-volt steps from 1020 to 1120
volts, The results of this test are given in Table L, A study of the re-
silts shows that over the 100-wolt range of the test, the probe was sensi=-
tive to the impressed voltage at the rate of 5,7 counts per minute per volt,
At the critical range betwesn 1060 and 1100 wvolts, the sensitivity was lb
counts per velt, As the drift in voltape was never found to be more than
5 wolts during a given day, the probe and amplifier are considered to be
well within workable gtability limits.

S5ize of Test Sample, OSince it was impractical to prepare large samples of
mid and other chemicals with which to calibrate the probe, a faw tests were
made to datermine the minimum size of laboratory samples which could be ex=
pected to give a reliable calibration for field use, Preliminary tests
indicated that an ordinary steel drum (22 inches in diameter and 30 inches
deep) was probably too small to contain a3 usable samle, The next larger
container which could be sasily procured was a wooden barrel 30 inchea in
diameter and 30 inches deep, The drum and the barrel were set alongside

the test sump and Filled with water from the sump (and at sump terparae
ture), Successive readings were then taken with the probe submerged to the
red dots in the center of the sump, the drum, and barrel, The results of
the test are shown in Table 5, The top part of Table S indicates that the
difference in count between the sump and the 30" wooden baryel was 20 counts
per minute, hardly enough to be of any significance. The difference betwcen
the sump count and the drum count, hewever, was 356 counts per minute, show=
ing that the 22" steel drum was too small in size to give a reliable reading,
The special comparison at the bottom of Table 5 reinforces this fact by
showing the drmum count to average some 2L5 counts per minute less than the
barrel count, The results established that the descision to use the 30"
barrel as the conlainer for calibration samples was propers These results,
when coupled with the results showm on Table 2, also indicate that -~ ad
lsast in water = the probe senges the densiiy of a sphere of material slight-
1y aver 2 feet in diamater cantered zbout the centar of the probe,.

Calibration of Samples, In order to arrive at a usable calibration of the
probe for field purposss, a number of samples of various kinds wers brought
to the laboratory, The samples wers, in each case, large enoupgh to fill
tha 30" 2 30" woodan barrels referred to above, The results of the tests
as well as tests in fresh water are shown in Table 6; the samples are dee
soribed below,

Salt water obtained by dissolving commercial sodium chloride (NaCl)
in fresh water,

Potomac River mud obtained by fiocculating mud from the raw river
water some 2 miles abowve the head of tide waler on the Potomac,



TARIE §

EFFECT OF SIZE OF TEST SAMPLE
ON PROEE READING

Location Count time Cowntse Difference from

of probe in minutes per minute sum cotnt

Sup (1) 5 18112

Barrel (2) 5 18096 - 16B

Surg 10 1817

Barrel 10 18208 + 378

Drum  (3) 10 1781 -3940

Sump 10 18140

Rarrel 10 18058 ~ 828

Drum 11 17822 =319D
Average Differsnce = 208

~356D

Difference from
barrel count

Barrel 10 18191
Drum 10 1803L «167
Barral 10 16310
Drum 10 18001 «309
Darrel 10 18296
Drum 10 18023 =273
Barrel 10 18221
Drum 10 17956 =265
Barral 10 18243
Drm 10 15020 =223

Averape Difference =245

3N x hD' sump £illed to 107 depth,
30" dismeter wooden barrel filled to 30" depth,
22" diamater steel drum filled to 30" depth,

Submerpence in harrel and drum was to red dots on
probe caszing,



TAELE &
FROPE CALTRHATION IN VARIOUS MATERIALS

Waiphed Caunt
bk time in Counta
Tegt Material 8Dy ET minutes per minute

Fresh waber 1,000 10 1871
19 15257

10 183h2

10 18156

10 14132

14 1821

10 141846

19 18157

1o 14

10 1A1908

10 18291

a0 18207

in 18348

10 18288

10 18260

Total 273317

Ayerage 1f2n

0 18357

Ga1t water \NaCl salution)l,03Z 10 17600
1,032 10 17590

1.031 1o 1753

1,03 50 17769

Prtomae Rivar mod 1,036 5 17750
1.6k 5 16079

1.326 c 13920

1160 10 16162

1.036 i 17871

1.326 10 W03

Dalaware Hver mud 1.051 g 17578
1,126 5 16567

1,263 5 1hhAs

1.263 10 5ek

1.17% 10 15686

1,001 10 17550

1.061 10 17726

Saturated gilica sand 1,50:0 5 B261
1Ll 10 A2

[y -alacked lime, ﬂafﬂH}2 0,619 ip 16266
Saturated powdered non~ 1,142 10 16475
aryatalline baudia, 1,78 10 10L13
M.an 1,718 10 10155
Baturated slacked Time. 1,382 10 1125
1,150 10 UGS

1,32 10 1173l

Farrie ¢nloride solntien, 1,116 10 15kl
FECI1 1318 10 15521

Taats were made Trom 14 January to 17 Maren 1998,
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Delawars River mud obtained from dredeed spoil
from the Delaware River navigation channel near
New Castle, Delaware.

Silica sand obtained from the ocean beach near
Bgaufort, N, C., This sand had very few impurities,

Dry slacked lima, Ca(DH}E, of commercial grads
cbtaired from commarcial “sourcea and a slurry was
preparad with fresh water,

Powderad non-orystaline bauxite, ﬂ203 obtained from
commercial sources

Ferpic chloride (FeCl
commercial sources.

3} solution obtained from

In cases where a fluid mixture was being tested, the mixture
was kept homogeneous during the test by a woodan propellor driven at an
adequate aspeead by an electric motor, Early tests had shown that this was
necessary to ingsure reliable readings,

Tha masa specific gravity of the-various samplas was determined care=
fully, The sample barrels were f{irat calibrated volumetrically by placing
them on & platform scale and filling to various levels with fresh water,

The sample was then placed in the barrel, its volume determined by the cali=-
bration deseribed above, and its weight by the same platform scales,

The probe was spotted over the center of the harrel and was submerged
to the red dots on the barrel. PEach observation was for 5 or 10 minutes as
showr in Table &, The timing for all tests was with a reliable stop walch
a3 the intarval timer on the scales was not sufficiently accurate for the
DUrposs.

The results of the tests given in Table 6 are plotted on Figure Lo &
gtudy of the plot shows that for the Potomac and Delaware mud samples, the
banxite, and the silica sand, the points indicate a straight line relation-
ship batween bulk specific gravity and counta per minute, with a slight
break in the curve abt a specific pravity of about 1,h. The limits of da=-
parture of these plotted points from the two straight lines were generally
within the limits of the statistical srror that can be expected dus to the
limitad duration of the count,

The counts for samples of ferric chloride, caleium hydroxide (slacked
1ime), and salt water fell outside the plot encompassing the other points,
The reason for this departure is readily seen by reference to Tatle 7,
This table shows the mass absorption coefficlents of tne sixteen elements
most predominant in the earth's crust, The mass absorption coefficient is
related to the linear absorption coefficient which represenis the ability
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of ths alement to ahbsorb or scatter nutlear radiation. The linear abe
sorption coafficient is detarmined from the equation:

AL » = Ioﬁx

where Ia = intenaity of incident gamma-ray radiation at face of test
suhgtance

AT = ghange in gamma~ray radiation during passage through
tegt substance

AX = thickness of test material in centimsters
# = linear absorption cecefficiant

Ir Io is considered as unity and A as 1 om,, the equation becomes:
AT =

Thus, in effect, the linear absorption cocefficilent is a measure of that
part of the initial gamma-rsy flux absorbed by a l-centimeter thickness
of the test substance, Thus, if the abaorption coefficient is 0,25, the
radiation would be raduced by 25% in passing through a lecentimeter plate
of the test sobstance, A study of the equation shows it to be axponens
tial in character and that the equation can be expressed as:

/I, = Wi

where I is exit radiation leaving the test subgstance, The mass absorption
coafficient is the ratio of the linear absorption coefficient to the density
p of the test substance in grams per cubic cantimeter, Thusy

mass absorption coefficient = Bm e ulp

Consideration of tha abowe relationships showa that the sediment
density probe can be a perfect instrument only if the mass absorptiom
coafficient of all the substances (or elsments) being tested is the same,
If this were the case, the measured radiaticn at the Geiger coumters would
be a measure of the bulk mass of material swrounding the probe, Howaver,
if one of the constituent elements is a more effective abszorber of radiation
than the others, the masz density indication would be unduly influenced by
that alement and the probs would indicate a bulk density somewhat higher
than the true bulk density. HReference to Table 7 shows that of the sixteen
elements listed, five have mass abzorption coefficients significantly differ-
ent from cother twelwe at the 0,200 MEV level, These are iron, caleium, hy-
drogen, manganese, and barium, Hydrogen is the worst offender; however,
in the saturated scile for which the probe was designed, hydrogen is so
omnipresent due to the water content, that its influence can be discounted,
The other four, however, may appear in varying amounis and thereby distort
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TAHLE T
ABSOHPTION CHAAADTERISTICG OF MOST COMMON ELEMENTS IN EARTHS GRUET

Abaprptign Coafficisnt (2
8" 0,061 isnu.aeza A% p.msh A7 o.0062 A°

rdar Elament Secifie 0,207 &7 0,132 A
of Earcent. and gravity 0,060 MEV, 0,100 MEY, 0,200 MEV,.0,500 MEV,1.00 MEV, 2.00 MEY,
ﬂ:::;ﬂ .omr::m (2} #ﬁ mi ar'zﬂ nf-uﬁl
1 kb7 toygen B 016,000 1.1k L1859 158 S G070 #0034 L
? 277 Sildeon 1 5 28.09 2,42 2315 .182 #1327 0873 0635 +ObLT
3 8.1 Altminmim 13 & 26,98 2.7 270 o189 J22 L0Bub <0610 JOh32
H 5.0 Tron 26 Fa 5545 7Y 1.20 w372 LS 08h0 0599 oL
1 Yubi Oalcium 20 Ca ho,08 1.55 »EUB 257 #1317 L0885 L0637 $0L5Y
& 2.8 Sodiam 13 Ba 22,59 0,97 220 S159 120 OB36 60l 27
7 2.4 Potasslum 19 K 39,10 0,97 559 #2133 132 L858 0619 +0h38
8 2.1 Magnesium 12 Mg H,32 1.7k « 253 <168 +125 JLHE L0627 <02
g D62 Titarium 22 ™ L7.50 heS <763 «270 L1318 G081k 0559 <0015
10 0.1k Hydrogen 1 H 1,008 0,07 326 #295 o213 171 2126 20576
11 0,13 Fhosphorms 15 P 30.97 2,0 (3) « 0 «185 2125 L0850 L0617 JOL3E
12 .0 Carben & ¢ 120 2.3:(3) #17k J152 2183 L0805 LDE36 ol
13 0,09 Maniganoss 25 Mn Skl 1.2 1.070 +338 L1382 L0821 L0667 o i
Ik 0,08 Sulpruar 16 8 32,07 2407 0o #2301 130 SOATE J083T SihB
15 0,05 Barim 66 Bal3T.37 3.8 R, A0 2.2 Shod LETD LOETS 0399
16 ‘% Cilering 17 g1 35,46 1.56 li30 « B L1258 oAl 085 i ik

(1) Dats taken from *Introdiction ta Geology," bty Pranson and Tarr, Melraw-Eill, 1941. Totel af percsntageg (ov
the 14 elemants shown is ¥9,35%,

{2} Abvsorption eeafficients were cttained directly (or by interpolation) from Hational Faresu of Standards Circular
No, S8 "l-Hzy Attenuation Coefficients freom 10 Kav to 100 Mew," April 1957, Tigwres are for "colarent scattaring®,
Energy levalz are indleated at top of colume both in Angetros units and in xl]lliom electron volts,

{3} kpprexinats yaluas,



the calibration of the probe, This distortion is in evidence in the plotted
points on Figure i for the ferric chloride solution and the lime slurry,

The import of the above discussion is that the ecalibration curve of the
proba, as drawn on Figure li, would not hold in event the probe was usad in
sadiments where a significant part of the material was iron, calcium, mangan=
esa or barium, Semi-quantitative analyses of the Delaware and Potomac River
muda used in the calibration are given on Table 8, Reference to this table
indicates that silicon is the dominant element in both muds although some
iron and calcium are in evidence, also traces of manganese and barium, The
fart that the mud sampla readings plotted in a straight line which, incorpor-
ating the saturated bauxite, intiicates that the iron and calcium content of
these samples was not sufficient to noticeably influence the readings.

TABLE 8

ANALYSIS OF POTOMAC AND DELAWARE RIVER MUD3

Delaware River Mud Potomac River Mud

Not Not Not Not
Elemant less Than More Than Less Than More Than

b4 % 4 b4
Silicon 540 50,0 540 5040
Al v num I‘U 1{)‘0 3.0 33-'9
Iron 2.0 20,0 2,0 20,0
Calecium 1.0 10,0 2.0 20,0
Hm’lﬁﬂiﬂﬂ 1.0 10.0 1.0 ID.E'
Sodim 015 Sau 0.3 3-“
Pﬂt‘assi'lm 0‘.3 3.0 ﬂ.3 3|n
Boron U.Dl ﬂ.l e -—
Le&l D-tﬂs ﬂius —— G.QB
Tiﬂ s D.CB i 0.01
Chromdium 0.03 0.3 0,01 0,1
Manganese 0,05 05 0.03 0.3
Vanadium 0.[}1 Dq]. ﬂ.mﬁ 0.05
Lithiom 0,03 0.3 0,03 De3
Titanium 0.5 5'.0 14‘:‘ 1ﬂlﬂ
Gallium 0,001 0,01 0,001 0,01
Copper 0,003 0,03 0,003 0,03
Zinﬂ ﬁgﬂ‘l Uql ——— ——
Zirconium 0,3 0.3 0,1 1,0
Barium 0,01 Del 0,03 0.3
Uranium Not detected Not detected
Thorium Not detected Not detected
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It will be noted that the absorption coefficients in Table 7 are
given for several different levels of gamma-ray enerfy, This is necesss=
ary as the absorption coefficlent i3 somewhalt dependent on the energy
lsvel of the incident gamma rays, Radium 226 emits an alpha ray at
ko795 MEV and 3 gamma ray at 0,188 MEV, The alpha ray is absorbed by the
gteal casing of the probe, The pamma ray is partially back=-scabtered by
the surrounding medium and partially absorbed; part of the back-scattered
rays reach the Geirer tubes and furnish the count used ip ostermining the
bulk density of thn material gurrounding the probe, The pamma rays at
0,168 MEV are, however, not the only gamma rays emitted from the capsula
of radium 226 encased in tha orobs, As the radium decays through the
alpha and pamma emission described ahove, products of the decay remain
within the eapsule, Several of these decay products are themsslves radio-
active and emit gamma rays of even greater snerpy than the radium 226,
The emission spectrum from the radium 226 and its decay products is given
balow:

Gamma-Hay Energy Percent of
MEV Total Energy
D188 0.5
DJ2h1 S0
0429 11,3
0,350 19,6
0,607 28,8
0,766 2,8
Ul?33 2'9
1.120 G0
1,238 2.7
1,379 2.7
1,761 11,3
2.198 33

The rather involved enarpy spectrum complicates amy theoretical calcus
lation as to the exact numerical relationship to be expected betwsen the
radiation from the radium source and the count detected by the Geiger coun-
ters, Thus this report will not attempt a quantitative explanation of the
actual count obtained with the probe under varicus conditions, It is in
order, however, to point out that at all levels of energy given in Table 7,
the iron, calecium, and chlorine are generally found to have higher mass
absorption coefficients that the other elements, excepting, of course, hydro=
gen, It is alsc in order to note that the differences in masa absorption
coafficients are significantly less at the higher erergy levels, This indi-
cates that the departure of the iron, calecium, and chlorine from the other
elemants could be somewhat nullified by utilizing a radloactive source having
garma energy emission in the 0,5 to 1,0 MEV range only, An example of such
a source is cesium 137 with a gamma intensity of 0,663 MEV and a half=lifs of
33 years with no radiocactive decay products, The higher intensity of cesium
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137 would, of course, make greater safety precautions necessary and the
33=year half-1ife would require some adjustment to the probe calibration as
the lavel of radicactivity decayed,

From a usability standpoint, the laboratory tests discussed in the pre-
ceding paragraphs showed that the probe had pronise of being a useful device
for fisld measurements of bulk sediment density.

FIELD TESTS

Following the completion of the laboratory study and calibration
of the probe, field measurements were made with the page at the following
locations with the collaboration of the U, S, Army Engineer District offices
as named,

Savannah River tidewater area (Savarmah Distriet)
Hulah, Fort Supply, and Denison Reservoirs (Tulsa District)

Landward and seaward of the Chandeleur Islands (New Orleans
Hstriet)

Navipation channels in San Frarcisco Bay (San Francisco
District)

In addition to the abowe, a few trials were made in the tidewaler area
of Potomac River near the Washington National Adrport to study the handling
characteristics of the probe, The resvits of these field testa are described
briefly in the following paragraphs,

Savannah River Tests, These tests were made from 16 to 18 Aprdil 1958, Sa=
vannah Hiver went into flood a day or two before the bepinning of the tests,
Mso high winds were blowing over the area, As a result, it was very diffi-
eult to hold the boat on location and to place the probe in pogition on the
bottom due bo the high current velocities and hirh winds, Also the flood
velocities appeared to have swepi most of the soft mud out of the ghannel,
It had been intended to compare the probe readings of density with the den-
sity of samples taken by a special mechanical sampler used by the Savannah
District,but the flood velocities made reliable sampling with this sampler
diffieult,

The principal results of these tests might be said to be the finding
that the probe could not be used in current velocities of b to 7 feet per
second and atove without special handling equiprent, Nevertheless, a few
comparative readings were obtained nsing the two samplers; the results of
this work are piven in Table 9,

Possibly the most significant result was the close check obtained in
the vonfined sample which had been obtained from the Savannah River and
placed in a 32" x 32" open wooden box, Here under controlled conditions, the
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TAHIE ¢
TESTS IN SATANNAN RIVER

Oopthe in Feet
Surface Surf ace Bottom  Duration Gount.s frsts per Hter
dpril o to b of epunt par
Loention 1958 bottem (3] probe (5} proba  aioates mlrute  Probe  Sapler (1) (L)
Clty wntar 16 1a 18145 1008
River water, 16 2,0 & 14195 o0k 2006{ 2)
near surfsce
{5.% pos malt)
Riwer mud 15 in 15904 1150 12}
{in bex at
‘Hl:l"- ul'l.ll'_f]
Bgat «lip st 14 b0 10 15610 1205
tawwne Tndn Lo,
17 2.0 P2 1.2 3 17007 1096
17 - 7.2 2,2 3 18057 1100
A7 . 77,1 Fu1 3 15528 110 1063
Ste, 10, Baw'n, A, 17 29.0 0.0 1.0 z 17848 mey
in favigation
channal
17 . 12,1 1,1 2 166973 18 1052
i7 = .k Tah F 15786 1195 ez
18 30,0 2T 0,3 2 16205 1005
{2:50=3110PM)
18 - 30,7 0.7 2 17029 109h
18 # 11,8 1.8 2 1A Nz 1025
18 - F.P 2.5 2 16083 1168 1095
18 » T L0 2 15387 1223 1114
18 5H 6 2.0 2 1WA8 1000
{1110=3:25 ) w 2.5 0.5 2 17948 108
" by 1.6 2 17138 1087
" 0.6 2.4 b 15682 122
] 1.8 1.2 B 1673 1353
- 32,9 ha9 F 18640 1208
Sta, 15 Sav'h, 3, 18 0,0 5.0 2 I_B_g;ﬁ s
2w, from jettiesl10ih5 to * 20,0 2 1 1617
ooean messurwpents 101526} " 0.0 2 18152 1008
of water

(1] Denaity of these ssmples detarmired in laboratory by pronometer after precurement by specisl sampler
used in Sevennah Distrist,

2] Tress ssmples ohtalmed without uee of spescial Sevarmah sampler,

3} Bottom depthe not exact.

L) Bampling with Sevamah saspler wes not wisdtaneoos with probe meadings, [Mffersnoe in tims iy as
manh &8 2 honrs,

(5] TUepth to probe is msammed to & point 0,7 foot sbows its roooded bottom tip,
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probe indicated & bulk specific gravity of 1180 grams per liter while a
pycnometer determination on the same sample by the District office showed
118k grams per liter, This indicated that the Sayannah River mud contain-
ed no significant quantity of the elsments which would diastort the probe
reading,

The probe and the Savannah sampler indicated (as expected) an in-
crease in density with increased pemetration in the mud bottom, However,
the probe consistently indicated a greater density at comparabls penetra-
tions than did the Savannah sampler, It appears that the sampler constr=
uction and operation may permit the mixing of some river water with the
samples as the sample is being taken; this may account for the lesser
gpecific gravity indicated by the Savannah sampler,

The count of 2 minutes used in most of the sampling is probably the
minimem that should be used to avoid undue statistical error.

Tulsa District Tests, Tests were made in September 1958 in Hulah, Fert
supply, and Denmlison Resarvoirs, The purpose of these tests was to de=-
termine the amount of sediment being carried into the ressrvoirs by tribu=
tary streams, The results thereof are given in Appendix C,

The tests afforded some comparison between the resulis cbtained with
the probe and with a pipe sampling method in use in the Tulsa District.
The details of this sampling method are not given, but it entails obtain-
ing an undisturbed fisld sample which is taken to the laboratory for a
measurement of wet and dry density, The comparative results are given on
Table C~3 of Appendix C; the dry welght in this table is understood to be
the weight of dry solids per cubic foot of the wef sediment mixture as
sampled in the field, It should be noted that only the Denison cbserva=
tions are truly comparable in that the pipe sample was taken simultaneously
and at the same location as the probe reading, Tt should also be noted
that this set of observations is in mich better peneral agreement than the
observations at Hulah and Fort Supply where the sampling was not concurrent,

In the Tulsa District it was found that the flared top and pipe conne
ector on top of the probe made it difficult to push this probe top into the
mud, This difficulty was also noted in other areas and steps wers taken
to remodel the casing of the probe and connectors to a uniform diamster of
1-1/2 inches (see Figures 28 and 3B),

Testa in Chandeleur Islands Area, Thess tests were made primarily to de=
termine the density of the material setitling in a number of test pits
dredged in the mea, These pits were dredged to determine the rate and
character of shcaling to be expected in the projected Mississippi River-
Gulf Outlet navigation channel through Chandeleur Sound, The pita were
dredged in 10 to 20 feet of waler and were aspproximately 100 x 500 fest,
Threa pits (C, D, and E) were dredged in Chandeleur Sound and two pits (A
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and B) in the Gulf offshore from the Chandeleur Islands; all five were
dredged to about 30 feet below mean Gulf level.

The results of observations made with the probe in the test pits in
January 1959 are given in Appendix I, These results were useful in indicate
ing the character of the shoaling that could be expected in the projected
channel, It was of considerable intersst to verify that the shoaling was
densa enough (1,300 to 1,500 grams per liter) to require dredging, There
had been soma thought that the shoal material would be so thin that it
would not greatly impeds the movement of vessels using the channel, but,
as shown, this was not the case,

Teste in San Francisce Bay, The survey by the San Francisco District is
by Tar the most extensive use yet mads of the probe involving some 350
separate observations, The results of those tests are reported in de=
tail in a report, "Field Use of the Beach Erosion Board Ineplace Sedi-
want Density Probe", January 1960, prepared by the U, 3, Army Enginser
District, San Francisco, Coples of the report are availabile on loan from
the Distriet Engineer or the Beach Frosion Board, and no attempt will be
made to swmarize the results of those tests in this present report, The
"Conelusions" of the District's report and comments of the Operations Divise
ion.Office, Chief of Engineers are given in Appendix E to the present re-
ports

SUMMARY

The laboratory tests showed the probe to give a reliable indication
of the in-place bulk density of the sediment surrounding the probe, The
fact that the probe sanses, or averages, over a sphere of material about
1 foot in radius centered on the center of the probe, tends to minimize
the disturbance created by lowering the probe inte the sediment,

The presence of certain elements notably (iron,calcium, or chliorins)
in larger than ordinary proportions will distort the calibration of the
probe and make a calibration for the particular sediment necessary, No
natural sediments were encountered in the laboratory calibrations or field
tests which contained enough of these elements to require a special cali=-
bration of the probe,

Three improvements in ths probe and suxiliary equipment appear worthy
of additional thought,

(1) A better clock switch to start and stop tha scaler
is needed, The accuracy should be better than 0,1
sacond per minmite, as errora of this magnitude have
a coneiderabls influence on the density deatermina-
tion, The use of a stop watch, instead of the built-in
clock switch on the scaler, is not completely satise
factory.
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(2) The use of an isotope with a higher energy gamma
ray (possibly in the order of 1 MEV) could be ax-
pected to improve the calibration of the probe with
respect to sediments with iron, caleium, or chlorine
content, OCesium 137 with a gamma ray of 0,663 MEV
and a half~life of 33 ysars might be sultable isotope
in this regard, This higher energy zamms emitter
would, of course, necessitate additional safety
precautiona,

(3) The use of a greater quantity of radicactive material
in order to increase the rate of counting, would glve
greatar statistical accuracy, This would be particulare
1y useful in improving the accuracy in 1 and Z-minuts
observationa, Here again, additional safety precau=
tions would be necessary,

(4) The physical shape of tha probe could be improved by
aliminating the bulge at the top provided for handling
guar, This would enable greater penstration of the
probe into the bottom, (Tha probe at the Beach Erosion
Board haa been recased to provide a uniform diameter
of 1-1/2 inches from the rounded lowsr tip to the top.
Sea Figures 2B and 3B, The calibration curve of the
recased probe is shown on Figure l)

(5) Tmprovements in handling methods in the fisld are
desirable, It can be expected that these improvements
will come with increasad usa of this type of probe,

A1l in all, thes probe gives evidence of being an accurate and
practical tool for determining in-place bulk densities of saturated
pediments in the fiald, There is considerabla evidence that lts
accuracy 1s greater and the cest per determination less than those
of other mathods presently in use,
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APTENDIX A
INSTRUGTIONS TO CONTRACTOR

WORK TO BE DONH:

The contractor shall furnish a1l materials, suppliea, equipment,
iaber and superviaion, and perform all work for conducting a research
study for the investigation development, and production of a sediment
denaity probe which utilizes the scattering and/or the absorption of
gamma radiation for density measurementa,

The contractor shall develop and deliver the gbove-described inatru-
ment, utilizing his beat efforts to meet or exceed the following minimun
operating characteriatics:

a, Miniwmum eount rate with the probe lmmersed in water to be
not less than 10,000 counts per minute,

b. Welght of the probe, exclusive of the connacter cable, to
be not more than 40 pounds,

¢. Length of the probe not to exceed three feet,
d, Diameter of the probe not to exceed three inches,

e. Exterior of probe to be streamlined deaign with rounded
conical point at the leading end.

£, Gamma radistion source not to exceed 20 millicuries of FHadium,
Cobalt - 60, er equivalent.

E. Eadiation source to be encapsulated in stainless steel.

h. Exterior of probe to be corrosion-resistant material con-
sistent with immersion in saline water.

i, Significant vertical resolution of the probe not to exceed
two feet.

j. Average accuracy of probe to be plus or minus 1.0 pound per
cubic foot for sediments containing from 2 to 35 pounds of seil solids per
cubic foot.

k, Incorporation of & preamplifier in the design of the probe to
permit use of connector cables up to 75 feet lo length,

1. Probe design capable of withatanding hydrostatic pressures
of za much as 75 feet of head,

m, Probe design sufficiently ruggedized to minimize malfunction,
repair and replacement of component parte as a course of normal uaage.
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The degree of atbainment of the above listed characteristics shall be
congistent with the present state of the art of utilizing gamma-ray
scattering techniques,

(The above provisions are extracted from the development contract which

resulted in the design production of the first model of the radiocactive
sedimant density probe,



AFFENDIX B
SAFETY EEQUIREMENTS FCR RADIOACTIVE SEDIMENT DENSITY PROEE

The following instructions pertain to safeiy precautions necessary
in the use, handling, storage, and repair of the Beach Erosion Board
radioactive sediment density gage:

a, The radicactive sediment density gapge employes 3 milliewries
of radium encapsulated in a gtainiess steel container and a plastie
shroud, The radicactive source is placed approximately 3 inches from
the rounded tip of the probe, While this muantity of radicactive mater=
ial should present minimum hazards, careful handling is necessary in
order that any potential accident or coverexposure be aliminated, The
inatructions given below shall be followed at all times:

b, When the probe is stored the following precautions are necessary:

(1) The probe shall always be placed in its lead shield such
that the tip contazining the radioactive source is completely incased by
the lead shield,

(2) The probe and lead shield shall always be placed in the
gpecial carrying box and the box shall be locked at all times,

(3) The box shall be stored in a locked ventilated building
where no personnel are housed, Only authorized personnsl shall have
aceess to the tuilding and the bullding is to be properly marked by
gisns indicating radiocactive material,

(L) Tn the event persornel are in the storage building, the
case shall be properly marked and under no circumstances shall persomnnel
be allowed to sit on the casa,

c, When the probe is in use the followlng precautions are necessgary:

(1) A1l personnel who work with or near the probe must wear
a dogimetar at all times., Exposure as determined by dosimeter reading
shall be recorded as outlined in AR L0-431.

(2) Persomnel shall not stand closer than 3 feet to the
proebe when the probe is out of its lead shield, The person handling the
probe shall always hold the probe such that the rounded end containing
the radium capsule is always directed sway from his body.

(3) The probe shall be handlad only from the top end (cable
end), the hands being kept as far from the tip as possible, Under
no conditions shall operating personnel grasp the probe along its lower
1 foot (within 1 foot from the rounded end),



(L) If repairs are required, the source area of the probe
shall be incased in the lead shield, If this action is impractical, the
lower 1 foot of the probe shall be placed behind lead brick and a mirror
shall bs placed behind the probe in order fto sse the probe while working,
If this also is impractical, the radium capsule shall be removed from
the probe and stored in a shislded locked location. However, it is
of ntmogt importance that the radium capsule shall never, under any cone
ditions, De handiad or be allowed to touch amy portion of the body, Mech-
amical devices such as long~handled tongs shall always be emploved when
working with the radium capsule,

(5) The maximum permissible weekly dose for personnal work-
ing with radioactive material is 300 millirem, or 3 rem per 12 weeks,
Parsons receiving a greater dose should immediately report the fact to
thedr supervisor,

(£) The supervisor should check all personnel dosimeters
each week the probe 1s in use and record the findings on DD Form 11,1,
The supervisor shall arrange for proper actions in the avent of over-
BXpOSUre,

d, In the event a man receives a dose of 300 millirem in any time
lesa than one week, any activities of that man connected with the sediment
density gage shall immediately be suspended until the appropriate T-day
period has bean complated,
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APPENDIX ©
TESTS IN TULSA DISTRICT

Extract from report of Francis W, Kellum, Electronic Techrician,
on field trip to Tulsa District,

Arrived pt Hulah Reservolir on September 9, 1958, Carried pipe
for lowering proba, all 3/i-inch diamster, three pieces 10 fest long
and two pleces 5 fest lomg, Also taok a rig dssigned for lowering
current meters by & steel cable,

We found that by just using the cable we could penetrats the
sediment by 2 to 3 feef, but that by using the pipe to farce ths probe
down, there ssemed to be no 1iwmit to the depth that we could penetrate
a8 long as there was & sediment deposit,

The method we used to get our data is as follows:

(8) Measure our water depth with a steel taps o
which was attached a weight, The msasuremsnt
may not be highly accurate dus to the welght
ginking into the soft wpper sedimant,

(k) Turn on the scaler, which was attached to the
sedimant density gage by an elsctric cable, and
set the voltage to pgage to 1080 VIC,

(¢) Lower the gage into sediment to the desired
depth, either by cable or by pipes.

(d) Turn the count switch on st the sams time
atart a stopwatch,

(e) Aftar 5 mimutes turn count switeh off and record
the numbar of counts from the scalar,

Out in the open water we had some wind and being in a small boat
we had some trouble keeping the boat still and with the pipe had
trouble holding on, When in a protected areas, the pipe msthod of
placing the probe into the sediment worked fine, When the probe was
forced down very deep into the sediment it was hard to pull up,
in other words, the probe goes down easisr than it comes up, If the wind
was blowing very hard it would be very diffioult to retrieve the probe
if forced very far into the deposit,

Worked in Fort Supply Reserveir on Septamber 11, 1958, The gage
;:I‘k'ﬁd. fine and the water counts agreed with those taken at Bulsh
garveir,

Test data are given in following tables C-1 and Ce2,
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TAPIR Cel

TESTS WLTH RABIDLCTI?EAEDIHEHT DENSITY PROBE
T

HULAY RESERVOIR

Total
Count

Time
(min)

1,792
63,900
70,562
18,7L0O
68,h22
92,088
68,572
60,980
65,970
68,599
&y, 286
67,368
65,590

Moo ARG ORI ol

Cycle~
per
min,

18,358
12,780
1,112
18,710
18,677
13,684
18,418
13,71k
12,196
13,194
13,800
12,857
13,472
13,118

Water Depth to Probe Tip
Range Station Depth Probe Tip in Sediment
Test in water 2,0 0,0
1 (a) main channel 2.5 26,8 2.3
2 32,0 25.0 3.0
Te=t in water 2.0 0.0
2.0 0.0
3 (b) 20,5 32,2 1.7
Test in water 2.0 0.0
25.0 3.0 2.0
29,0 35,5 6,5
5 27.8 0.5 2.7
6 25-5 31IE 2!5
28,8 3.5 8.0
T 25,0 27.5 2.5
25.0 29.5 5
NOTES
E;} Slightly windy and boat rocking makes volt meter needle vary over 1080 % 5

{b) Very light breeze approximately 250 feet from right bank,

indicateds
apecific

gravity

1. L6l
1,336

1.370

1,367
1,526
1.108
1. 360
1.456
1,385
1.h27

Date

9/9/58
9/9/58
9/9/58

- The indicated specific gravity is corrected by subtracting the water count in oycles per minute as shown on
the graph from the averags of the water counts taken at both reservoirs, and this differsnce then subtracied
from the counts taken in the sediment and spplied to the graph, The reserveir watar count is 184 counts
higher than the 18,220 used on the calibration graphs.
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Over bank deposit about 2 feet thick.

TAHLE C=2

TESTS WITH RADIOACTIVE SEDIMENT DENSITY PROEE

AT

FORT SUPPLY RESERVOIR

Depth to Probe TMp
Probe Tip in sediment
2 ft, 0.0
1L.5 2.0
16,5 4.0
17.5 3.0

2 ft, 0.0
15,5 3.3
Te5 2

2.0 2.0
2,2 2,2
2.7 2.2

Fine sandy material,

dater
Range Station Depth
Test in water
12,8
1 (a) 12,5
3 1h.5
Teat in water
12,2
g 5.5
5 (b) 1+ 00 0.0
25 (e) 15+ &0 0.0
25 (d) 15+ 72 0.5
NOTES
(a) Cloudy-cool-calm
(b)
to push to this depth,
(2) At edge of channel at toe of bank,
(d) At low point in channel,
for one man to mull out,
2 The

from the counts taken in the sediment and applied to the graph.

Sediment is dark ailt or olay, dry on surface,

Total
Count

71,791
65, ul9
67,227
72,857
91,783
TE, 299
71,166
62,643
43,300

Time

(min)

i L

Cycle
per
min,

18,358
13,090
13,445
14,571
18,358
1hy L0
14,233
12,529
10,165
8,661

indicateds
specific

gravity

1.430
1,380
1,300

1,308
1,328
1.1%0
1,155
1.91%

Date

Quite difficult

Deposit was fine sand and sppsswed saturated with water,

Probe went down too rather easily, but rather difficult

indicated specific gravity is corrected by subtracting the water count in cycles per minute as shown on
the graph from the averages of the water counts taken at both reserveirs, and this difference then subtracted

higher than the 18,220 used on the calibration graphs,

The reservoir water count 1ia 1BL counts



ADDRLES mEFLY TO:

U. 5. ARMY ENGINEER DISTRICT, TULSA
CORPS OF ENGINEERS

DETHICY ENGINES .
us .sgr‘?umu GSTRICT, Tui%a %GL;DEH BDSI?“

22 DEC 1958
SUBJECT: Sediment Density Probe Tast

THRU 2 Blvision Engineer
Us 5S¢ Amy Engineer Division, Southwestsrn
Dallas, Texas

TO: Chief of Engineers
Department of the Army
Washington, D. C.

1. Reference is made to Ath Ind, dated 8 Aupust 1958, to letter
SWFRH dated 3 July 1958, subject, "Request for Tests of Reservoir Sedi-
ment Density by Means of Sediment Density Probe", in which it was
requested that Tulsa District prepare & report regarding performance of
subject instrument upon completion of the tests. A description of the
tests, sumnary of results and comments regarding the probes psrformance
follow.

2. The sediment density probe developed at the Beach Erosion Board
and its accessory eguipment were used for a Z-weel perded in the Tulsa
District. Information on the probe and its operation is contained in
Report No. TOI5E~5 dated March 1958, subject, YFinal Report on Develop-
nent of a Sediment Density Probe" by I. L. Kofsky, Ohio River Division
Laboratories, Corps of Engineers. OCoples of the report may be obtained
from the Beach Erosion Board. Mr, Francis Kellum, Electrenic Instrument
Techriclan with the Beach Ercsion Board worked with persomnel to familiar-
ize them with the equipment and its use during the first week of the Lest.
Other persons participating in the work were Mr. A. S. Dowdy, Southwestern
Divislon and various persormel from the Tulsa District Office. The
following equipment was used in addition to that provided by the Board:
The Division boat nomally used for sedimentation surveys and a boat
anchor; several f-foot lengths of 3/L~inch galvanized iron pipe used in
shallow water areas Lo push the probe into the sediment; a sounder reel
with reel boom, used for raising and lowering the probe in desp water
areas.

3« The sediment density probe operates on the principle that the
amount of scatiering and absorption of pamma rays in amy mediwm iz a
function of the density of the medium, so the density can be found from
the number of gamma rays that are registered by a Geiger counter placed
a few inches from a radioactive source. The count is recorded on a
muclear scaler wiich 1s comnected by a 75-foot electrical cable to the
Ueiger counter in the probe. The count is measured for a S5-~minute perded
to increase the accuracy of the observation.
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SUBJECT: Sediment Density Probe Test

L. The Beach Erosion Board made a series of tests with the probe
in materials of known densities to develop a curve from which mase
density can be read after the rate of count has been determined. This
is a Ywet density" value which must be converted to Y“dry density", or
weight of sediment per unit of volume, to determine the weight of sedi-
ment in the reservoir. This can be done if the specific gravity of the
material is known. A value of 2.65 was used by this office as the mean
gpecifiec gravity of sediment and a curve for determining dry density
was developed. A copy of the curve is inclosed (Inclosure 1).

5. Sediment densiiy measurements were made with the density probe
at several locations in Hulah, Fort Supply and Denison Reservoirs. At
Hulah and Fort Supply Heservoirs the measurements were made at approxi-
mate locations where undisturbed samples of sediment had been obtained
with the Southwestern Division sediment sampler during the 1958 surveys
of the reservoirs. AL Denison Reservoir a sample was taken for
laboratory determination of dry weight at the same time and location
that a measurament was made with the sediment probe. The probe measures
the density of a spheroid-shaped semment of material approximately 16
inches long in the direction of the axis of the probe and perhaps 30
inches perpendicular to the probe. This limits the minimum depth of
sediment which can be measured to about 1.5 feet. At locations where
there was more than four feet of sediment, density measurements were
taken at two depths. Hesults of the measurements with the probe are
shown in Inclosure 2 along with laboratory analysis of density of
samples taken at or near the location of the measurements. These
samples and measurements shown in this table were taken at depths of
0.5 foot to 2.5 fest below top of sediment. Variations between the
probe measurements and laboratory analysis of dry weight were much
greater at Hulah and Fort Supply than at Denison. It is believed that
this is because in Hulah and Fort Supply Reservoirs the measurements
and samples were not taken in the same locations. Inclosure 3 shows
the results of measurements with the probe at different depths in the
same location and shows the relationship of increase in density to
sediment depth.

6. It is estimated that a 3-man crew could take density measure-
ments with the probe at aboubt 12 locations per day in Hulah Reservoir,
or one of similar size, measuring demsity at two depths at about half
of the locations and at one depth at the others. If samples are desired
for grain size analysis they could be obtained during the measurements
with no appreciable increase in time. With the Division sampler it is
estimated that two men could obtain samples at the locations in about
5 hours, Only one sample per location would be taken, since the depth
of sampling is largely uncontrolled. The laboralory charge for dry
weight analysis is $6.50 to $7.00 per sample. Assuming an average
hourly pay rate of 34.00 and excluding equipment charges for which a



SWe WH
SUBJECT: Sediment Uensity Probs Test

reasonable estimate is not known, the estimated cost for each density
measurement, with the probe is about $5.30 as compared to $10.00 per
density determination using the sampler.

T« Although the probe appeared Lo perfom capably in uncompached
underwater sediment, the condition for whiech it was designed, it
appears to have certain disadvantages and limitastions in measurement
of reserveoir deposits as follows:

as The minimum depth of sediment that can be tested is about
1'5 fﬂ'et-

b. When operating in deep water where the probe 1s let dowm
with a sounding reel, the deepest pensetration into the ssdiment obtained
during the test was about 3 feet, Deposits several times this depth may
bs expected. With pipe attached Lo the probe it could be pushed to a
depth of about 10 feet and recovered manually from the work beat. About
30 to 40 feet of pipe was all that could be handled while working from
the boat. HMore pipe could probably be used, and greater penstration
obtained, if work is done from a raft and a mechanical 1lifting aid is
devised.

t. The boat should be firmly anchored while the measurement
is being taken. This is difficult to accomplish becausa the smooth
reservoir bed allows the anchor to slip. Pitching of the boat during
windy weather makes it extremely difficult to handle the probe with
plpe atiached.

de In an area of the Cumberland Pool delta in Denison Reservoir
where deposits had been air-dried but were covered with water at the time
of test, two men could push the probe only about 2 feet into the 5 fest
of deposited ssdiment.

e, The probe will not give acourate density measuraments in
deposits which are exposed to the air, as air voids between the sediment
particles cause an erratic count. Exposed deltas form an important part
of the sediment deposits in many reservoirs.

fo It was difficult to connect the glectrical cable to the
probe with the plug provided. The plug was waterproofed to prevent
molsture from entering the connection but 3 leak developed during the
tegst. This part could very liksly be improved in final deslgn.

g+ The probe is designed with a flared Stop end and threaded
for a 2i-inch pipe coupling which is attached when the probe is to be
pushed into the sediment. The bulky comection greatly increases
resistance to penstration through the sediment and this part of the
equipment needs further streamlining.
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SUBJECT: Sedimert Density FProbe Test

h. There is a danger to psrsonnel of overexposure teo radiation
from the radicactive source if the probe is handled careleszly,

&, In sumary, the probe appears to perform very well in underwater
sediment which has not been air-dried. Within certain limits it can be
used to determine density of sediment at different depths, which would
increase the accuracy of reservolr sediment weight determinations. The
equipment is bulky, requires specially trained personnel to maintain, and
damp or windy weather interferes with ils operation, It would be neces-
sary to use the sediment sampler presently in use in addition to the probe
on most reservolir surveys to obtain data on density of delta deposits and
Lo obtain samples for grain size analysis. The cost, excluding equipment
charges, of obfaining s density measurement with the probe is considerably
less than the cost par sample with the present eguipment.

9. For the time being, it is recommended that a sedimenl demsity
probe not be procured for use in Tulsa District Reservoirs. However, it
is further recommended that views of the Tulsa District outlined above be
considered 1f there is a redesign of the probe and if a probe is procured
at & later date for use by the Soubhwestern Division Sedimentation Survey

Party Chief.
Jibose 9. Breilly
3 Incls (quad) JOHN D. BRISTOR
1. Sediment Density Curve Colonel, CE
2, Table - Results of Test District Engineer
3. Table - Density Related to
Depth



SWIGBE~5 (812.5 A-18) lst Ind
SUBJECT: Sediment Dengity Probe Test (Tulsa ltr, 22 Dec 58)

18 Army Eogr Div, Southwestern, Dellss, Tex, 22 Jan 59
T0: CofPBngrs, DA, Washington, D. €. 23 Jan 59
1. Forwvarded for informaticn.

2. In view of the imperfections in the sediment density probe
and the limitations of its use found during the testing pericd in
the Tulsa Tistriet and described in peragraph T of the basic letter,
this office believes that use of the probe in the Southwestern
Division would not be practical at this time. However, it is slso
believed that its dse in most of the future field gedimentation
resurveys would warrant further consideration if some of +the
deficlencies are corrected. A&t such time that the probe is per~
fected, this office would be interested in further testing the
equipment with the view of procuring same, providing the cost is
practical and funds are available in the Ddvision.

FOR THE DIVISION ENGINEER:

2)Z/

3 Incl R. D. FIELD

v/d 1 oy ea Chief, Bogineering Division
cC

Tulsa

NOTE BY BEACH EROSION BOARD:

The Tulsa District tests were made before the probe was recased to
a uniform diameter of 1-1/2 inches and before threaded pipe sections of
1-1/2 inch pipe had been provided for handling the probe,



TAELE Ca3

DENSITIES OF RESEHVOIR SEDIMENT DEPOSITS
COMPARISON OF LABORATURY ANALYSES AND
SEDIMENT PROBE TEST3

ﬁ_ﬂ%ﬁ—ﬁs@ﬁ. t Wet Weight, Tbs/ou.ft,
T ¢ Sediment 3 lLasboratory : Sediment

ey B0 A e

RANGE 1 Analysia (1) 1 Probe (2) t Analysis (1) : Probe
N, ] i 3
F ) 1
FORT SUPFLY RESERVOIH
H : 1 H
3. % hl.3 : 38,0 B5,9 £ 85.5
1 3 3 3
3 t 33.5 £ 2.5 t 81,8 1 Bo.2
13 H £ i
5 1 63.9 1 29.5 1004 1 80,8
: : t H
? - 38.5 ] 31-5 £ Bgoh H ﬂl.'f
H : ] ]
25(3)« 7745 ' b6.,5 ¢ 108,86 r 9.7
H 1 i 1
1 ) 1 H
HULAH HESERVOIR
t : ' t
1 : '.;OaT t hids 2 H B’?ih H 90,0
t 1 t t
2 4 3?.5 t 3212 2 SO.B 3 32_45
] H s ]
3 52.3 | 35.3 4 B?l? 1 Bh.lE
1 t 1 :
oot h2.1 t 306 ¢ 83.6 ¢ Bh.5
H 3 ] 1
5 H h-avl? : m-‘a | 1 ﬁjlé 3 8?15
1 1 H 4
6 H hl.sl‘ H 3}4'& : m‘.} E 5318
4 H H t
? 3 LlD-h ' | 3?-5 i 5211 H BS.G
1 t : 1
3 1 t 1
DENTSON RESERVOIR
H ) ] H
W s 72 1 T 1 107 : 130
| 1 i H
U e 89 t 85,5 = 121 t 1185
) 1 H H
b T hé 1 g : 90 z ol
' t ] t
15 Vil ! 9 t 112 r 110
1 1 ] 4

Hwy, 99 Bridge, Washita Arm (3)

1 t &7 1 98 10k
TI) Samples of Denison Reservolr sediment were taken wiih pipe sampler
for laboratory analysis at the time end location of sedimemt probe test,
At Ft. Supply end Hulah Heservolrs samples of sediment for laboratory
analyses were cbtained about 3 months earlier and probes was tested in
gsmal sres sampled,

-

2) Based on an assumed apecific gravity of 2,65 for sediment.
3) Surface of sediment was sbove water level,

c-3



TABLE Cedi

COMPARTSON OF SEDIMENT DENSITY
AT DIFFERENT DEPIHS USING
SEDIMENT DENSLTY PRUBE

TOCATION } Penetration,!
1 Tip of Probe: Density of Sediment
(Approximate) : (Feet) 1@ Wet 1 Dry (1)

£y
-

(1bs/cu £t} : (Ibs/cu ft)

DENISON RESERVOIR1:

Range 14, Sta, 35+00 : 2 ! ol : k9
Range 1, Sta, 35+00 : T ’ 101 : 62
Hwy 99 bridge, Washita Arm : 2 : 1ch ; &7
Hwy 99 bridge, Washita Arm : s i 114 : 83
HULAH RESERVUIR:

Range 3, main chammel : 15 & Bl : 36
Range 3, main channel : 5 : 90 f by
Range U, main channel : 2 : Bl i 36
Range L, main channel : 6.5 : ol : 50
Range 6, main channel : 245 : Bl : 35
Range 6, main channel : 6 : 90 : Ly
Range 7, main channel : 2.5 : 86 : 38
Range 7, msin channel : LS : 88 : i1

? 3 3

(1) Based on an sssumed specific gravity of 2,65 for sediment,

Beach Erogion Board Comment: Right~hand column gives the eatimated pourds
of dry sediment per cubde foot of the welt mud sdxturs,

C~10



AFPENDIX D
TESTS IN CHANDELEUR ISLANDS AREA

As a guide to the selection of the route of the Mississippi River=
Oulf Outlet, the New Orleans District made cartain sediment studiss along
the various routes proposed, Ome feature of these studiss was the dradg=-
ing of five test pits measuring 100 x 500 feet, the long dimansion being
parallel to the proposed channel alignment, Three of thase pita were
dredged in Chandeleur Sound armd two in the Culf of Mexico immediately out=
gide the Chandeleur Tslands chain, The locations of tha pita are shown on
Figure Del,

The pits began to shoal immediately after dredging., This shoaling
action was followed closely by perlodic surveys using beth leadline and
eche sounder, After considerable shoaling had taken place a set of obe
servations were taken in the plts themselves; however, a few were taken
in the undistumrbed bottom areas adjacent to the pits,

The results of these density obssrvations are shown on Figures D=2
thru DeS, No probings wera made in Pit B,

It will be noted that in a few cases the probe showed a compact layer
overlaln and underlain by layers of lezs density., The differences in
these densities was well outaside the statistical inaccuracy of the probe

and these dengities are therefore considered to repressnt the actual situg-
tion,

There was some difficulty in handling the probe in wave action, par-
ticularly in the Gulf; however, this was before the probe had been recased
to a wniform dismeter of 1-1/2 inches and the thresaded 1-1/2-inch pipe
provided for handling the probe,
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APFENDIX E
TESTS IN SAN FRANCISCO BAY

The follewing paragraphs are the eight paragrasphs constituting the
"oconclusions® to a report by the San Franciaco District covering the
Digtrict's use of the sediment density probe in San Francisco Bay, The
full report is entitled, "Fisld Use of the Beach Erosion Board IneFlace
Sediment Density Probe®™, U, S, Army Engineer District, San Franeisco,
Corps of Engineers, Jammary 1960,

Conclustions

76, The following is quoted from the 3rd indorssment from the
Beach Erosion Board, dated 26 September 1958, to basic letter from
the District Engineer, dated 1l August 1958, subjsct "In-place Denasity
Probe™, . » + « "Operation of the instrument does not require aspeciale
ized personnel, A 30-minute instruction period shouid be adequate for
most perscnnel at all familiar with instrument operation to become
familiar with its operation. The servicing can be accomplished by
any good alectronic technician, A technician that is familiar with
pulse circuits and decade scalers (counters) would, of course, be de=
sirable,.”

77« The principal difficulty in field work with ths probe has
nothing to do with the probe itself, but in fixing the position of the
survey boat, holding it over station while the impulses are being
counted, The advantages of the probe over conventional field sampling
and laboratory analysis are quite obvisus, Readings may be taken quite
rapidly, and conversions to in-place densities may be made on the spot,
Of course, this was one of the objectives of the Beach Erosion Board in
contracting for the development of the probe, Tt permita a reading to
be talen at the surface of a shoal and then, without withdrawing the
probe, pushing the probe further into the material for ancther reading
at a greater depth, This can be continuwed to the depth of penetration
possible with ths probe, Thus, using a pipe to handle the probe in a
slip in Mare Igland S traidf, a2 total of 18 readings through a depth of
18,5 feet were obtalned in 31 minutea, Using & cabls to handle the probe
with a 50~pound weight attached, in the chamnel of Mare Island Strait, a
total of 9 observations through a depth of 5.5 feet were cbtained in 12
minutes, And, sboard a hopper dredge, using a handline with the probe
and without weight added, & observations in each of 7 bins throughout a
depth of 27,5 feet were obtained in the average time of 8 minutesy the
i2 observations were obtained in one hour and 18 wminutes, including
the time moving from bin to bin and getting set up,

T8, Following the initial outlay, by a District office, the sedi=

ment density probe would pay for itself many times over through savings
in costs for conventional field and laboratory work,

E=l



79. Inasmuch as some hopper draedpes sre nobt eguipped with draft gags-
1oad indicators, and since some of the dredges experience malfunctioning
of the indicators, it is suggested that the density probe be made part of
standard equipment aboard the hopper dredges, for load determinations,.

The probe has the further advantage of showing how the density varies
throughout the depth of the bins,

80, The designers of tha probe recognize that certain conditions af-
fect its efficiency. They list the most prebabtle causes of inaccuracy
as: timing errors; high~veltage variationsj counter losses; and scaler
incompatibility. They state that variations in temperature between
10%, and 20°C, have no statistical effect on readings obtained, and
that with reasonable care the probe can be used in the field for re-
producitle, rapid,accurate (better than 1% in 1 rinute) silt and sedi=
ment density measurements,

81, A comparison of densities of the saline water at six widely=-
scattered points in the San Francisco RBay system determinsd with probe
and hydrometer, showed a maximum difference of 1.7%.

82, The conclusions in 1. L. Kofskyr's "Final Report on Develop-
ment of a Sediment Density Probe" include the following . « « « » "The
completed probe is designed to be immersion proef, rust proof, and shock
reslstant, besides being “optimiged" on the basis of the research program.
The pamma rays back-acattersd by the silt or sediment from a 3-millicurde
radium - 226 source, are registered by three halogen~filled Geiger counters
and sent back to the scaling circuit by a built~in, transistorized pre=
amplifier, The probe is readily portable, ard safe to use with only the
simplest of radiation safety precautions,”

83, Mr, R, B, Krona, Research Engineer of the University of Calif=-
ornia who checled the calibration of the probe (in a limited container
with diameter of 22 inches), developed a curve of responses at various
voltage, He concluded o + » + « "The sediment density probe appears
to be well designed and should prove very useful to Corps! operations,
It is potentially very precise, Its accuracy depends on uniformity
of sediment density around it, however, and interpretation of thin
horizons should be attempted with caution, As mentioned above, calibra=
tion should be made in larger volumes of sediment for the lowest bulk
dengities,”

After reviewing the above auoted San Francisco District report, the
Operations Division, Office Chief of Engineers, made the following
comment

"A review of the subject report indicates that a radio-isotope
density probe may be useful in both before~dredging surveys and in
dradging operations, The problem of developing load metars for hopper
dredpes is presently under study by the Corps of Enpinesrs Marine Division
of the North Atlantic Division Office, as an authorized item in the program
for improvement of hopper dredges and hopper dredging. Accordingly, it is
sugpeated that a copy of the San Francisco report and any additional reports
or informailon relating to other field tests of the probe in estuarine
watars, be forwarded to the Marine Divisien for review and comments,™
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